Effect of age on phosphorylated compounds and mechanical activity of isolated rat heart: a 31P-NMR study.
The aim was to test the hypothesis that aging may change the function and energetics of isolated hearts subjected to an increased work load induced by varying the calcium concentration ([Ca2+]) in the perfusion fluid from 0.5 to 1.0, 1.5, or 2.0 mM. Female Wistar rats aged 4, 12-14, and 22-24 months were used. Their hearts were perfused through the aorta and changes in myocardial phosphorylated compound concentration were measured by means of 31P-nuclear magnetic resonance spectroscopy and biochemical analysis. Myocardial contractility was measured in situ in closed heart anaesthetised animals and was followed in vitro during perfusion. The contractile indices measured in situ revealed a decrease with aging of the left ventricular developed pressure and dP/dtmax, while heart rate did not show any significant difference. In all age groups the stepwise increase in [Ca2+] caused a graded increase in left ventricular pressure in the perfused hearts. In aged rats, the left ventricular pressure associated with the different concentrations of Ca2+ was significantly lower than in young rats. In all three groups the myocardial content of inorganic phosphorus (Pi) increased in response to a rise in [Ca2+] and left ventricular pressure. The ATP content of the hearts remained constant in all three groups at each value of [Ca2+] induced left ventricular pressure. However, both ATP and total adenine nucleotide contents of the hearts were lower in aged rats. When the alteration in Pi due to each increase in [Ca2+] was expressed in relation to the rise in left ventricular developed pressure, this relationship was not significantly different in the three groups of hearts. The reduced mechanical activity of aged rat hearts is not due to a diminished efficiency of the mechanisms transferring high energy phosphates.